Introduction
The treatment of inguinal hernias is eminently surgical and mesh repair, considered free of tension (Lichtenstein), became a choice method for the majority of inguinal hernias 1 , because the techniques that utilize autologous tissue (Bassini, Mc Vay, Shoudice, etc.) may produce tension caused by the repair and may result in recurrence 2 . Although the history of the development of synthetic prostheses, registers that many materials have been used, nowadays, polypropylene prosthesis is the most commonly used today 3 . All hernioplasty techniques may present postoperative occurrences related to the scrotum and testis, such as hematomas, atrophy, sterility, tumefaction, ecchymosis and hydrocele 4 . There are reports specifically related to the mesh correction of inguinal hernias, showing that there is a relationship with spermatogenesis reduction 5 and infertility 6, 7 . The increase of hernia correction by means of prosthesis and the interest in fertility latter in life 2 , added to the fact that the mesh (foreign body) provokes a strong fibroblastic reaction in the cicatrisation process of the posterior wall of the inguinal canal 2, 3 whose effects on the structures and function of the spermatic funiculus, epididium and testis are well known, motivated us to go on studying this matter. The objective of this work is to evaluate the effects of the polypropylene mesh, implanted by inguinotomy, on the spermatic funiculus, epididium and testis of dogs.
Methods

Sample
Eighteen mongrel male adult dogs, apparently healthy, weighting between 12 and 23 kg were considered. They were housed in the Animal House of the Veterinarian School Hospital (HVE) of the Faculty of Veterinarian Medicine of Valença. The study was approved by The Ethics Committee of the HVE and by the Ethics Committee of the Federal University of São Paulo -Escola Paulista de Medicina. The handling of the dogs followed the ethical principles of the Brazilian College of Animal Experimentation.
Procedures
The animals were divided in three groups: Group A (n=7), Group B (n=7) and Group C (n=4). We implanted the mesh on the left side of the animals of Group A and on the right side on the animals of Group B. The contra-lateral side of each animal was dissected, but did not receive the mesh. Animals in Group C did not undergo any surgical manipulation and acted as control group. We used intravenous 0,2 mg/kg acepromazine (Acepran ® 1%) in preanesthesia, thirty minutes before the procedure, as well as intramuscular antibiotic prophylaxis with Agrovet ® 5.000.000 (benzylpenicillin -375.000 U.I., potassium benzylpenicillin -125.000 U.I. and streptomycin -200 mg). In anesthesia we used 25% sodium thiopental, dosage of 12,5 mg/kg, endovenously. During the surgical procedure, anesthesia was maintained with Halothane. We dissected the spermatic funiculus through oblique inguinotomy, 4 cm long, 2 cm above the inguinal ligament, and inserted the plane polypropylene prosthesis (ETHICON, INC -EUA, Lot No  QKE142), 4 x 3 cm, with simple stitches of nylon 3-0 thread  (TECHNOFIO   ®   ) on the aponeurotic tissue, on the pubis (one stitch), on the internal oblique muscle (two stitches) and on the inguinal ligament (three stitches). After the spermatic funiculus was accommodated, surrounded by the opening of the mesh, without constriction, we approximated the inferior sides of the opening with the same thread and fixed them to the inguinal ligament (Figure 1 ). Next, with the same kind of stitch and thread, we sutured the aponeurosis of the external oblique muscle, the subcutaneous layer and the skin. On the contra-lateral side (without mesh), dissection and sutures were similar to the ones on the side with implanted mesh. In group C, the spermatic funiculus, the epididium and the testis were removed, concomitantly with a macroscopic evaluation, including the measurement of the testis with a Sanny Starrett ® adipometer No 3025-481. After the removal of the anatomical pieces, the animals were subjected to euthanasia with the endovenous administration of 40 ml of 10% magnesium sulfate. Animals in groups A and B were under observation for 60 days with daily evaluation of food, physiological functions and surgery wound control. Next, the animals were re-operated following the same procedures for group C.
Macroscopic evaluation
During surgery for the removal of the spermatic funiculus, epididium and testis, our attention was focused on the possible presence of morphological alterations in these structures. We evaluated the presence of adherence to the posterior wall of the inguinal canal with the mesh and with the spermatic funiculus, the presence of congestion of the pampiniform plexus and the size of the testis.
Microscopic evaluation
The spermatic funiculus, the epididium and the testis were sent to the Pathology Department of the Faculty of We measured the diameter of the lumen of the deferent duct at the proximal third, from the epididium duct to the level of the body and of the seminiferous tubes, in transversal sections, using the conversion factors indicated in Table 1 . The diameter of the lumen of the epididium duct and seminiferous tubes were obtained from the average of six measuring sessions in different microscopic fields. The diameter of the lumen of the deferent duct was obtained from a sole microscopic field. Using the average difference of the diameters for each animal, the mesh sides were compared with the sides without mesh. In the epididium, at the level of the body, we made a quantitative evaluation of the spermatozoids and in the testis we evaluated the Leydig, Sertoli and spermatogenic cells. Data from the group control animals acted as the histological normalcy basis for groups A and B, and were not used in the statistical analysis.
Medicine of Valença, including a testis sample for fixation in Bouin's solution. The histological glass slides, 25 to 1000 times magnified were evaluated with micrometric rule and ocular. They were stained with Hematoxylin and Eosin and Gomori Tricomium, prepared according to Michalany's procedures 8 . We evaluated the presence of acute/chronic inflammatory reaction, classified according to a qualitative scale proposed by Fitzgibbons et al. 9 :
No inflammation: absence of fibrosis or giant cells; Light inflammation: dense fibrosis with few giant cells; Moderate inflammation: fibrosis with few polymorphonuclear leukocytes and giant cells; Intense inflammation: loose fibrosis with a great number of polymorphonuclear leukocytes and giant cells. 
Statistical analysis
A statistical analysis was conducted taking in to consideration the variables involved. In all tests, the level of rejection of the nullity hypothesis was fixed in 0,05 or 5%:
-for the numeric variables we used Student's paired t test 10 . -for the categorical variables we used the signal test 11 .
Results
Macroscopic aspects
In re-operation, 100% of the animals' side with implanted prosthesis presented marked adherence of the mesh to the posterior wall of the inguinal canal and moderate adherence between the spermatic funiculus and the mesh. In the contra-lateral side (without mesh) of these animals and control group, the presence of adherence was not noted. Three animals (1 in group A and 2 in group B) presented congestion of the pampiniform plexus and one of these animals also presented hydrocele on the mesh side. The average size of the testis on the group with mesh, group without mesh and control group was respectively 3,8 cm, 3,8 cm and 3,7 cm.
Microscopic aspects
The spermatic funiculus of the animals of group A and B, on the mesh implanted side (near the deep inguinal ring) presented chronic inflammatory reaction and foreign body reaction in 100% of the cases. On the contra-lateral side of these same groups, chronic inflammatory reaction was present in 10 animals (72%). When jointly comparing the prosthesis side with the side without prosthesis, 12 animals (86%) presented a larger inflammatory reaction on the prosthesis side, with significant statistical difference ( Table  2 ). Group C presented no inflammatory reaction in the spermatic funiculus. Fourteen animals presented, on the prosthesis side, chronic inflammatory reaction on the deferent duct (12 light reactions and 2 moderate reactions), as shown in Figure 2 . On the contra-lateral sides, 11 animals presented light chronic inflammatory reaction. In the comparative evaluation between both sides (Table 3) , 50% of the animals presented a more intense inflammatory reaction on the mesh side (p< 0,063). 
Total
The control group presented no inflammatory reaction. The average diameter of the lumen of the deferent duct on the mesh side, on the side without mesh and on the control group was respectively 0,32 mm, 0,35 mm and 0,37 mm. There was a statistically significant reduction of the lumen of the deferent duct on the prosthesis side (Table 4) . Three animals presented chronic inflammatory reaction (Group A: 1 light reaction and 1 moderate reaction; Group B: 1 light reaction) on the mesh side of the epididium and, on the contra-lateral side, only one animal presented light chronic inflammation on both sides. In the control group, one animal presented light chronic inflammatory reaction on the left side and another animal presented a micro abscess on the right side. Two animals of group A (prosthesis side) and one animal of the control group (both sides) presented spermatozoid reduction in the epididium duct. The average diameter of the lumen of the epididium duct with mesh implant, without mesh implant and control group was, respectively, 0,14 mm, 0,16 mm and 0,16 mm. There was an average reduction of the diameter of the lumen of the epididium duct on the prosthesis side; however, it was not significant ( Table 5) . On the prosthesis side of one dog of group A there was a light chronic inflammatory reaction of the testis involving the internal face of the albuginea tunic and in another dog a marked reduction of spermatogenesis ( Figure  3 ). On the contra-lateral sides and control group no alteration was noted. Leydig and Sertoli cells were quantitatively normal in all the animals. The average of the diameters of the lumen of the seminiferous tubes on the mesh side, without mesh and control group was respectively, 77 µm, 76 µm and 78 µm. There was an average increase in the diameter of the lumen of the seminiferous tubes on the prosthesis side; however, it was not significant (Table 6) . 
Discussion
There is a great number of works involving many patients who had undergone prosthetic atensional hernioplasty, especially in the United States of America. They show excellent results with indices of recidivism inferior to 1% 12 . Like any other surgical procedure, complications are always a surgeon's motive of preoccupation. In the repair of the inguinal hernia, the importance of complications is due not so mush to its frequency or gravity, but to the great number of procedures performed each year 13 . In open surgeries, testicular complications register 0,5% to 2% of primary hernias, reaching 55% of the recurrent hernias 14 . Among the complications of the repair of inguinal hernias is ischemic orchitis that, although rare, is well known because it is a cause of preoccupation and litigation. Tissue reaction on the mesh location, in the long term, may be considered an etiological factor, although its causes are not known. Considering the high incidence of inguinal hernia repairs among male patients examined at infertility clinics, the possibility of involving the spermatic funiculus, due to fibroid reaction, induced by the mesh may be significant. There are a few studies on this subject that analyze these effects 2, 5 . We selected the experimental procedure for this study, due to the difficulty to perform prospective clinical studies for this purpose. Dogs are adequate models because their inguinal region is similar to men's 2, 17 . The anesthetic technique proved efficient for this procedure. The surgery was adequately performed. There were neither complications nor mortality. Because of the intimate relationship between the spermatic funiculus and the mesh, adherence between both, as well as between the mesh and the posterior wall of the inguinal canal, found in all the animals, may the considered an expected finding, because the mesh induces an inflammatory reaction causing fibrosis that results in adherence. The association between adherence and inflammatory reaction in the spermatic funiculus was detected in all the animals, including the jeopardizing of the deferent duct. Similar aspects were also found in other studies 2, 9 . The presence of inflammatory reaction on the wall of the deferent duct seems to be very important, considering the fact that the deferent duct carries spermatozoids from the epididium to the urethra, on each side of the organism, and any inflammatory lesion or mechanic obtrusion of this structure, on both sides, may cause infertility. The reduction of the lumen of the deferent duct, on the mesh side, could also be caused by the inflammatory process. Corroborating this possibility, is the evidence of a thicker muscular layer on the deferent duct, upstream the mesh contact area (in the median third). On the other hand, because three animals in the control group presented different diameters on the right and left sides, these findings should be cautiously interpreted. The congestion of the pampiniform plexus may be due to the contraction of the mesh. This occurs in the re-creation of the internal orifice of the inguinal canal where the spermatic funiculus is imbedded and surrounded by the mesh opening, possibly causing compression of the structures of the spermatic funiculus. This effect could make the drainage of the venous and lymphatic distal flow difficult at that level of the stricture that includes the testis, causing varicocele 2 . The inflammatory reaction and the reduction of spermatozoids in the epididium seem not to be related to the histological alterations found in the spermatic funiculus and deferent duct, because the dogs in the control group also presented them. Because the chronic inflammatory reaction on the mesh side occurred in the interstice and not in the epididium duct, the possibility of spreading the inflammatory process from the deferent duct seems remote, as mentioned in another study. Therefore, what seems obvious is that the epididium of dogs, especially when they are captured on the streets, might be more sensitive to inflammatory alterations and even infectious alterations, as in the case of a dog in the control group that presented a micro-abscess. Even considering the coherence between the diameters of the lumen of the epididium duct and the deferent duct, it was not possible to assert that there is a relationship with alteration of spermatogenesis, although the only dog that presented it, also presented the same alteration in the deferent duct and in the epididium duct. Spermatogenesis reduction found in the mesh side of a dog, reinforces other studies that call our attention to a possible effect of tissue reaction caused by the mesh that may endanger spermatogenic lineage 2, 5 . Although this study also observed some alterations found in animals not subjected to any kind of surgical manipulation (control group), the fact that the animals were captured on the streets should be taken into consideration, because their physical condition was not known. The fact that the alterations were prevalent on the structures on the mesh side, signals to the fact that the mesh, when fixed to the posterior wall of the inguinal canal of dogs, is not totally innocuous and, therefore, should be used with caution. Considering the evidence of effects of the synthetic mesh on the structures of the spermatic funiculus and testis, new studies should be conducted, especially because the interest on the association between hernioplasty and infertility has increased in specialized clinics.
Conclusion
The polypropylene mesh in contact with the spermatic funiculus causes a major inflammatory reaction and a significant reduction in the diameter of the lumen of the deferent duct, as well as a marked reduction in spermatogenesis, in the minority of dogs.
